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tion showed the surrounding mucosa to be necrotic and haemor-
rhagic. There was haemorrhage into the submucosa and infiltration
of the entire wall by neutrophils. The serosa wa acutely inflamed
and covered by necrotic debris. Non-septate branching fungal
hyphae were present in the lumen of the bowel, in the wall, and
on the serosa (Fig. 3). The fungal filaments were large and showed
ab ence of cross-wall formation with free and irregular branching,
features suggesting origin from the mucoraceae. In many areas
the hyphae were invading the walls of blood vessels and had come
to lie within their lumens.
COMME 'T
Approximately 150 autopsies are carried out on children at
Baragwanath Hospital every year, and these 5 cases of
mucormycosis were een over a period of 5 years. The
condition is therefore relatively rare. There have been pre-
vious reports of infection with mucor in the Bantu. Watson3
reported a case of gastric perforation due to mucor in a
26-month-old Bantu child suffering from malnutrition.
Sutherland and Jones6 have suggested that the type of food
given to malnourished Bantu children may facilitate the
growth of fungal spores because of fermentation either
before or after cooking.
Of the 5 infants reported here, 2 were newborn while
the remaining 3 were grossly undernourished. Furthermore,
in 4 of the 5 infants there was an associated gastro-enteritis.
Thus it would appear, in our experIence, that 2 categories
of infants are particularly liable to develop infection with
the fungus mucor, viz. malnourished and newborn infants,
especially if these children suffer from gastro-enteritis. It
has been suggested that acidosis in some way predisposes to
infection with mucor. Diarrhoeal disease is a well-recog-
nized cause of acidosis. In case 2 there was clinical and
biochemical evidence of such an acidotic state, which may
have favoured proliferation of mucor.
Four of the children were receiving antibiotics. Torack1
, has pointed out the role of antibiotics in precipitating fungus
infections. It is possible that antibiotics may stimulate the
growth of fungi, or they may produce their effect by altering
the immunologic response of the host, by changing the
gastro-intestinal flora or by a direct toxic effect on the
host's tissues. Actual stimulation of fungal growth has been
demonstrated in experiments using neomycin, bacitracin and
aureomycin.? The reduction of competitive bacterial flora
probably allows normally harmless saprophytic fungi to
proliferate. The family mucoraceae consists of 3 genera,
viz. Mucor, Absidia and Rhizopus.
The characteristic histological finding in mucor is the
presence of large non-septate hyphae invading the tissues
and particularly blood-vessel walls, which become throm-
bosed with resultant infarction.s
All our cases showed the typical invasion of the walls
of blood vessels, but there was no evidence of spread of the
infection through the blood stream. Spread appeared to be
taking place by direct extension through the tissues and not
along the mucosal surfaces; tills confirms the findings of
Gatling.4 In none of our cases was the organism cultured.
The authors thank the Superintendent of Baragwanath Hospital
for permission to publish, Drs. E. Kahn and S. Wayburne for
use of case records, and the Director of the South African Institute
for Medical Research for facilities granted. Mc. M. Ulrich pro-
duced the photomicrographs. The Editor of the Archives of
Disease in Childhood kindly gave permission to include· case 5.
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OBSERVATIONS ON PRIMARY AND POSTMORTEM PIGMENTATION
BY SUNLIGHT*
n. POSTMORTEM PIGME TATIO
R. Koou, M.D., Department of Dermatology, University of Cape Town and Groote Schuur Hospital, Cape Town, and
F. P. SCOTT, M. MED. (DERM.) (PRET.), Dermatologist, National Hospital and Postgraduate Steering Committee,
Bloemfontein
Pigmentation of excised and cadaver skin was studied by us
because it resembles primary pigmentation in many respects.
Meirowskyl discovered this phenomenon, which bears his
name, in 1909. It is characterized by an increase in epidermal
pigment when excised or cadaver skin is incubated at 37°e. or
higher. Lignac2 evoked a similar pigmentation by exposing
cadaver skin to ultraviolet light (phenomenon of Lignac).
Konigstein3 showed that postmortem pigmentation occurred
even when the skin was kept .in formalin or boiled in water,
but no pigmentation took place when the skin was kept in
saline or in cadmium-chloride solution', Lignac2 noted that
skin specimens kept in alcohol pigmented quicker than those
in formalin. euberger,4 Lignac2 and others showed that
postmortem pigmentation of the skin did not occur in an
atmosphere free of oxygen. However, Sharlit et al. 5 reported
• Paper presented at the Congress of the Dermatological Sub-
Group (M.A.S.A.), Cape Town, 16 - 17 April 1960.
that an external source of oxygen was unnecessary for the
production of the Meirowsky phenomenon, because ionic
oxygen from the cells could be made available throughout the
epidermis. With cyanide and fluoride ions they could enhance
the pigmentation process, whereas mercuric ions inh.ibited it.
Miescher and Minder6 made an extensive study of primary
and postmortem pigmentation and they concluded from their
investigations that the processes are identical. In both there is
oxygenation of already-formed melanin particles. According
to them, melanin exists in different degrees of oxygen satura-
tion. The size and the depth of colour of the particles are
determined by the state of oxygenation; the less the oxygena-
tion, the smaller the particle and the paler the colour. The
process is reversible to a certain extent. Miescher and Minder6
repeated the experiments of Lignac2 by irradiating skin
specimens, which were kept in alcohol or formalin, with the
quartz lamp.
They could confirm his results and, in addition, by using
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filters preventing wavelengths below 320 ID;' from acting, they
showed that this postmortem pigmentation was evoked by
long-wave ultra iolet light. This observation is another
argument in support of the similarity of primary and po t-
mortem pigmentation.
Although Hamperl, Henschke and Schulze7 could not evoke
postmortem pigmentation by irradiating cadaver skin, they
could confirm the histological findings of Miescher and
Minder.6 They reported that, in primary pigmentation, the
pigmentation takes place in tbe basal cells of the epidermis
and not, as happens in secondary pigmentation (sunburn
reaction), in the dendritic cells. Therefore, histologically,
primary and secondary pigmentation also showed differences.
The purpose of our investigations was to evoke postmortem
pigmentation by exposing excised and cadaver skin to sunlight
and to determine the active wave-lengths. If postmortem
pigmentation could be elicited by long-wave ultraviolet light,
which produces primary pigmentation in the living skin, this
vould support the similarity of both processes. It would also
enable us to carry out certain experiments in 'dead' skin,
which are not feasible in living skin. For particulars on




Pieces of cadaver skin from the abdomen or the thighs of a
number of non-White subjects were exposed to sunlight for
several hours. They were excised on dr more days after
death and used both untreated and after being kept in 95 %
alcohol or 4 % formalin for one or more days. During the
exposure the specimens were not moistened. Control
specimens were kept in a dark cupboard. The specimens were
'overed with glass slides to prevent ultraviolet light below
320 mJ' from acting. Other specimens were covered with card-
oard and filters to determine the active wavelengths. After
exposure to sunlight the specimens were kept under observa-
tion for several days. To prevent shrinkage the specimens were
stretched with pins.
2. Surgical Skin
Long strips of skin, about 10 inches by 1- an inch, removed
from patients undergoing thoracic operations, were cut in
,mall blocks of about t-inch square. These pieces of skin were
treated by different methods to study the influence of these
methods on pigmentation. Some skin specimens were stored
in saline in an ice chest and used as controls.
The influence of sunlight was investigated immediately after
excision, in dry skin, in skin submerged in ethyl alcohol 96%
:lnd in saline.
The skin specimens were placed in Petri dishes covered with
glass, and exposed to sunlight for about 4 hours. Control
nieces covered with cardboard were in tbe same Petri dishes.
The skin specimens used in these experiments were obtained
'-rom 6 Bantu patients.
Blocks of skin from at least 3 different individuals were
.ubmerged in solutions of various compounds or exposed to
~ertain gases. 0 exposure to sunlight took place in these
:xperiments. The specimens were kept at room temperature
n a dark cupboard and the influence on pigmentation was
loted after 24 hours, 48 hours, and 8 days. Specimens in
,aline, kept in an ice chest and at room temperature in a
lark cupboard, were used as controls. 0 pigmentation takes
Jlace in skin specimens submerged in saline, kept either in an
,ce chest or at I"oom temperature.
An anaerobic atmo phere wa obtained with a Baird-
Tactlock anaerobic jar. An oxygen atmo phere wa created by
allowing liquid 0 ygen to evaporate and then clo ing the
bottle tightly. A carbon-dioxide atmo phere wa created in
the ame way with olid carbon dioxide.
3. Hi tological Investigations
Frozen and paraffin sections were made of the pecimen
in which change in pigmentation were noticed. The sections
were examined both un tained and tained with haematoxylin
and eo in and with ilver nitrate t% in di tilled water.
Skin pecimens treated with copper salt were stained for
copper with Mallory and Parker' haemato ylin. Specimen
treated with iron alt were tained with Pm ian blue.
RESULTS
1. Cadaver Skin
It was not easy to evoke pigmentation in cadaver skin.
Most of the specimens did not pigment at all after several
hours of (up to 7 hours) e;\:posure to sunlight, a few did after
2 - 6 hours. Skin from 7 out of 31 cadavers inve tigated
showed po tmortem pigmentation. Altogether, 51 skin
specimens were expo ed.
Pigmentation occurred in 3 of 15 untreated specimen,
6 of 26 alcohol specimens, and 1 of 10 formalin pecimens.
Data concerning cases in which pigmentation wa produced
are shown in Table I. The e result how that po tmortem
pigmentation can be evoked both by long-wave ultra iolet
rays and by heat ray . In pecimen I the pigmentation i
TABLE r. DATA CONCERNING SPECIMENS OF CADAVER SKIN WHlCH
SHOWED POSTMORTEM PIGMENTATION
Untreared 95 %erhyl alcohol 4 %formalin
o. Filters· Pig- Pig- Pig-
Time menta- Time mellla- Time menta-
(hours) rion (hours) lion (hours) /ioll
}GlaSS 4 2 + 2 ..J...
I Cardboard 2 2
Glass 2* ++ 4
1lI l Cardboard 2t 4
Glass 2 ++ 7 ± 6
VII G5 2* + 7 -:..
GG14 2t 7
Glass 2 + 7 ± 6





XVI Glas 4! ++ 4!
XVII Glass 4t -i-+ 4+
• For information about filters see Part I.'
probably caused by long-wave ultraviolet ray, although the
negative result with cardboard do not exclude heat ray
with certainty. A piece of copper, a u ed by Lignac in a few
of hi cases, would have been more uitable. However, in
specimens VU and VUI the pigmentation can be a cribed to
long-wave ultraviolet light, becau e only a few heat ray pa s
filter UG5.
In contradistinction to thi , the po tmortem pigmentation
in pecimens, III and X must have been produced by heal
rays, because filter GG 14 cuts out wavelengths below 500 rnI'.
Although specimens XVI and XVII had been in alcohol for
2t month, they still howed pigmentation after expo ure to
sunlight pa ing through gla s.
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The specimens were kept under close observation after the
exposure was discontinued and an interesting feature was
observed. In many specimens the pigmentation faded con-
siderably in the first half hour after being taken out of the
sun. Sometimes the pigmentation disappeared completely in a
few days as happened in no. I; in another specimen (no. ill)
the pigmentation decreased during the first week of observa-
tion, and it became darker again thereafter. During this time
the specimens were kept dry in a dark cupboard at room
temperature.
2. Surgical Skin
A. Skin Specimens Exposed to Sunlight
Pigmentation was found in 4 of the 6 cases in which skin
specimens in the dry state were exposed to sunlight. The
pigmentation occurred after 2 - 4 hours of exposure. Pigmenta-
tion was more marked and became visible after half an hour
OV..J1ino. _:".,".j~ '.. y.
Fig. 1. Control (left) kept in saline in a dark cupboard. The
other specimen, submerged in alcohol, was exposed for 4 hours
to sunlight.
when the skin was submerged in alcohol during exposure to
sunlight (Fig. 1). It took place through the thick glass cover
of the Petri dish.
Skin specimens submerged in saline showed no pig-
mentation at all after 4 hours of exposure to direct sunlight.
Skin specimens in saline, kept in an ice chest for 3 weeks, and
thereafter submerged in ethyl alcohol, still showed pig-
mentation when exposed to sunlight.
The phenomenon of fading, as described in the cadaver
skin, was also observed in surgical skin specimens.
B. Skin Specimens Submerged in Various Substances Without
Exposure to Sunlight
The specimens were kept in a dark cupboard at room
temperature. The results of these experiments are shown in
Table n.
lt was found that:
(a) Drying-out of the skin increased the pigmentation;
(b) pigmentation was prevented by keeping the specimens
in saline or water;
(c) complete anaerobic atmosphere, obtained by means of
a Baird-TactIock anaerobic jar, prevented pigmentation;
(d) pigmentation was retarded by vitamin C and also when
the specimen was kept in a carbon-dioxide atmosphere, as
compared with controls which showed stronger pigmentation;
and
(e) pigmentation was increased by alcohol, ether, oxygen,
copper sulphate, zinc sulphate, ferrous sulphate, and silver
nitrate. The pigmentation was also enhanced, but to a lesser
degree, by sulphadiazine, 'anthisan', tannic acid, and potas-
sium permanganate.
The following substances caused depigmentation of the
skin:
(a) Bleaching agents like ammonia, chloresol and sodium
hydroxide. In concentrated form the depigmentation was
usually complete within half an hour. In diluted solutions the
process was much slower. The depigmentation started from
. the sides of the skin specimen and the central part showed a
reticulated depigmentation before it was completely depig-
mented (Fig. 2). This manner
of depigmentation is probably
the result of differences in the
rate of diffusion;
(b) Acids. Fluoric acid,
O' 2 %, and hydrochloric acid,
1%, caused cleaving of the
skin; after 24 hours depig-
mentation was noticeable. The
epidermis came off after a few
days (see further under histo-
logy);
Fig. 2. Reticulated depig- (c) Saturated bromine solu-
mentation of a surgical skin '
specimen after 1 hour in 1% tion (in water) also caused
sodium hydroxide. cleaving and depigmentation
like the acids, but after a few days repigmentation slowly
took place, and
(d) After complete depigmentation with the bleaching
agents, repigmentation took place when the specimen was
submerged in t % silver nitrate (see further under histology).
TABLE 11. DEGREE OF PIGME1'.'TATlON A D DEPIGMENTATIO OF SPECIML S OF SURGICAL SKIN TREATED BY VARIOUS SUBSTA 'CES AFTER 24



















Vitamin C, 10% in ethyl
alcohol





















·The results after 48 hours and after 8 days were almost the same as these with




tCleaving took place, probably caused by the solvent, 5 % isopropyl alcohol.
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3. Histolog)'
It was found that unstained sections were the most suitable
for comparing changes in pigmentation. When pigmentation
was noticed macroscopically, this was usually found histo-
logically as well. A very marked increase of pigment was noted
in the basal layer of skin specimens treated with copper
sulphate, zinc sulphate, ferrous sulphate and sulphanilamide.
There was also a slight increase of pigment in the epidermis
and the papillary layer.
Skin specimens treated with copper and iron salts were
stained for the presence of copper and iron respectively. A
diffuse positive reaction was noted for copper in the specimens
treated with a copper salt and for iron in those treated with
iron salts. There was no change in the degree of pigmentation
as compared with other staining methods.
The bleached skin showed no pigment when bleaching was
complete, and an irregular pigmentation of the basal layer was
found in the specimens with reticulated depigmentation.
Skin specimens treated with alkalis and acids showed a
loosening of the epidermis just above the basal layer, while
those treated with bromine showed loosening just below the
basal layer of the epidermal junction. This has been noticed
by others, including Rothman.9
DISCUSSION
I. Cadaver .skin
The findings show that postmortem pigmentation can be
evoked by sunlight, although it happened in only 7 of
the 31 cadavers investigated. There was no correlation between
the occurrence of postmortem pigmentation and the particular
disease which caused the death of the patient. Probably,
previous exposure to sunlight and the time interval between
death and excision of the skin specimens are of importance.
The time necessary to evoke postmortem pigmentation varied
from 2 to 7 hours, which is much longer than for living skin
(see Part 18). This is probably owing to the fact that chemical
processes are different in living and dead skin, particularly
because of lack of circulation.
Postmortem pigmentation by sunlight was noted in un-
treated skin as well as in specimens kept in alcohol or formalin.
Usually the specimens had remained in alcohol or formalin
for a day or two; however, specimens XVI and xvn had been
kept in alcohol for 2t months and thereafter still showed a
marked pigmentation after exposure to sunlight. From the
results of the experiments with exposure to sunlight through
various filters, it can be concluded that postmortem pigmen-
tation can be elicited by long-wave ultraviolet rays and by
heat rays from the sun.
Fading of postmortem pigmentation soon after the discon-
tinuation of the exposure to sunlight has not been described
in the available literature. It is of practical importance for the
photographing of the results and also for histological investi-
gations. These procedures have to be done immediately after
discontinuation of the irradiation.
The fact that postmortem pigmentation can be evoked by
long-wave ultraviolet rays, and the occurrence of the fading
phenomenon after discontinuation of the irradiation, support
the view that postmortem pigmentation and primary pig-
mentation are similar processes. We therefore felt justified in
carrying out certain experiments in cadaver and surgical
skin, not possible in the living skin, which might give some
insight into the process of primary pigmentation.
2. Surgical Skin
Postmortem pigmentation by sunlight occurred more often
in excised surgical kin than in cadaver skin. This can probably
be ascribed to the fact that in the surgical specimens only a
short time had elapsed between death' of the kin and
exposure to sunlight.
The pigmentation occurred quicker and was more marked
with skin specimens in alcohol, \ hile kin specimens in saline
did not show pigmentation at all. An explanation for this
behaviour is difficult to find. Possibly alcohol acts by extract-
ing water from the skin and this drying-out accelerates the
pigmentation. The phenomenon of fading of the pigmentation
was also noted in urgical kin pecimens.
From the results of the influence of various ub tances at
room temperature on surgical skin specimens without exposure
to sunlight, as shown in Table IT, it may be concluded that
oxygen is necessary for postmortem pigmentation. Since it
is assumed that oxygen is also neces ary for the occurrence
of primary pigmentation, this finding support the view that
postmortem pigmentation and primary pigmentation are
similar processe .
The increase in pigmentation by metal salts e pecially in
the basal layer of the epidermis, is triking. In contrast to the
statement of SharIit,5 that mercuric ions inhibit postmortem
pigmentation, we found an increase of pigmentation with.
mercuric chloride. Findlaylo also found an increase of po t-
mortem pigmentation with mercuric compounds.
It should be noted that the solvent for the testing of the
various compounds is of great importance. Since skin
specimens, submerged in alcohol only, show a trong pig-
mentation already, wrong conclusions may be drawn from
the results of experiments using substances di solved in
alcohol. For instance, the re ults obtained with methoxsalen
in water and alcohol differ; they are negative in water and
positive in alcohol. Postmortem pigmentation does not occur
in specimens in water or saline, therefore positive results with
substances dissolved in these solvents are valid.
The bleaching by various compounds is aloof intere t.
However, the interpretation of the influence of the various
sub tances on pigmentation and depigmentation at the present
stage of our knowledge is very difficult. The aim of the e
experiments was to collect data for a better understanding of
the phenomenon of postmortem pigmentation, and con-
sequently also of primary pigmentation. More data are
necessary, and the inve tigations are being continued along
various lines; the results will be reported in a separate article.
So far, findings in cadaver kin as well as in surgical skin
are in support of the view that pcjmary and postmortem pig-
mentation are similar proce es.
SUMMARY
1. It was found with the aid of filters that postmortem
pigmentation could be evoked by the long-wave ultraviolet
rays of the sun and that this pigmentation was dependent on
the presence of oxygen. Fading of po tmortem pigmentation,
just a in primary pigmentation in the living skin, was ob erved
and has not been described before. These findings are in
support of the view that primary and po tmortem pigmen-
tation are similar processes.
2. The time neces ary to produce po tmortem pigmentation
by sunlight varied from 2 to 7 hour, which is much longer
than the time nece sary to elicit primary pigmentation in the
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living skin. It is not easy to evoke postmortem pigmentation
in the cadaver skin; it only occurred in the skin of 7 out of
31 cadavers investigated. It can be elicited more easily in
surgical skin specimens, while submersion in alcohol
a..ccelerates the pigmentation.
3. The influence of many substances on surgical skin
specimens, without exposure to sunlight, was investigated.
Postmortem pigmentation does not occur in skin specimens
submerged in water or saline, while alcohol promotes the
pigmentation. Therefore, the solvent used is of great im-
portance in the testing of compounds regarding their ability to
produce postmortem pigmentation. Metal salts enhanced the
postmortem pigmentation considerably; on the other hand
methoxsalen and haematoporphyrin had no influence.
Bleaching by various compounds was also observed. The
findings regarding postmortem pigmentation were discussed.
This study was'undertaken under the auspices ofthe Photobiology
Research Group of the South African Council for Scientific and
Industrial Research. We thank Prof. J. G. Thomson for allowing
the use of cadavers for the experiments.
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WORLD LIST OF FUTURE INTERNATIONAL MEETINGS
ALTERATIO S Al'.'D ADDITIONS NOTIflED DURING JUNE 1961
Middle East Mediterranean Paediatric Congress, Ankara, 6 - 9
September 1961. Secretary General, Hacettepe Cocuk Hasta-
hanesi, Ankara, Turkey.
International Association of Gerontology, Amsterdam, 13 - 16
September 1961. Foundation European Geriatric Congress in
the Netherlands, 29 Burgemeester Patijnlaan, The Hague, Nether-
lands.
European Association againST Poliomyelitis, 7th Symposium,
Oxford, UK, 17 - 20 September 1961. Dr. P. Recht, Secretary
General, 56 rue Charles Legrelle, Brussels 4, Belgium.
Congress of Neurological Surgeons, New York, 12 - 13 October
1961. Dr. E. Weiford, 4706 Broadway, Kansas City 12, Mo.
French Society of Orthopaedics and Traumatology, Paris, October
1961. P. Lance, Secretaire General, 120 boul. Saint-Germain,
Paris 6e, France.
PASSING EVENTS : IN DIE VERBYGAAN
South African Institute for Medical Research, Johannesburg, Staff
Scientific Meeting. The next meeting will be held on Monday
24 July at 5.10 p.m. in the Institute Lecture Theatre. Dr. Eric
Khan, paediatrician of Baragwanath Hospital, will speak on
'Electrolytic therapy in diarrh<real disorders'.
Somerset Hospital, Monthly Clinical Evening. The next clinical
evening will be held on Tuesday 18 July at 8.15 p.m. in the Nurses'
Main Lecture Hall, Somerset Hospital, Green Point. All those
interested are invited to attend these meetings, which are held
regularly on the third Tuesday of every month.
* * *
British Medical Association: Sir Charles Hastings and Charles
Oliver Hawthorne Clinical Prizes 1962. These prizes, worth RI50
(£75) and RIOO (£50) respectively, are awarded to encourage and
promote systematic observation, research, and record in General
Practice. Any member of the Association who is engaged in
general practice is eligible to compete.
Entry forms and further particulars may be obtained from
the Secretary, British Medical Association, B.M.A. House, Tavi-
stock Square, London, W.c. 1. The closing date for entries is
30 ovember 1961.
Dr. Gerald Frtedland, of Pretoria, was admitted to the Membership
of the Royal College of Physicians of Edinburgh, in February 1961.
University of Natal, Examination Results. The following candidates
have completed the requirements for the M.B., Ch.B. degree of
the Universitv of Natal:








Drs. Bertram Binnewald and W. D. Fran{:ois Malherbe, plastic
surgeons, have joined Dr. David Davies, jnr. in specialist practice
at the Medical Centre, Heerengracht, Cape Town. (Telephone
30392, if no reply: 31256). Dr. Malherbe als.o has rooms at the
Bellville Medical Centre. (Telephone 973926.)
Drs. Bertram Binnewald en W. D. Fran{:ois Malherbe, plastiese
chirurge, gaan vanaf hede in spesialiste praktyk met dr. David
Davies jnr. te Mediese Sentrum, Heerengracht, Kaapstad. (Tele-
foon 30392, indien geen antwoord: 31256.) Dr. Malherbe bet ook
spreekkamers in die Bellvil1e Mediese Sentrum. (Telefoon 973926.)
***
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